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(54) Method and device in a bearing. 



(g) Method and device in a bearing for recording 
current operating data, such as rotational 
speed, of said bearing, said operating data 
being obtained as a measured signal locally at 
said bearing. Said measured signals are trans- 
formed locally within sealing means of said 
bearing to measured values in a central unit 
(12), and said measured values are transmitted 
in an intermittent way through a transmitting 
means (16) to at least one remote recording 
means (18). 

An electric generator (13) is integrated within 
sealing means of said bearing (10) for generat- 
ing electric current when said bearing (10) 
rotates. 




in 
in 



Q. 
LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



RNiRnnnir)- <fp 0594S50A1 \ > 



EP 0 594 550 A1 



Technical field 

The invention relates to a method and a device in 
a bearing for generating current and for a recording of 
current operating data of said bearing. 

Background art 

For some time there has been an interest of re- 
cording operating data of different structural mem- 
bers in mechanical apparators and devices. This ap- 
plies for instance to bearings which normally form key 
elements in many different types of constructions. By 
recording such operating data harmful operating con- 
ditions and peak stresses can be identified at an early 
stage and hopefully be avoided. Thereby it is possible 
to increase dramatically the length of the life of the 
structural member, and the costs for service and 
maintenance can be kept low. 

The measuring means that are used for recording 
current operating data of the bearing can be made of 
a simple type and complete passive but in more ad- 
vanced applications or applications in which the tech- 
nical requirements are higher the measuring means 
are more complex and normally require some kind of 
power supply. The power supply can be provided eith- 
er by a battery arranged in the vicinity of said means 
or by cable from a centrally arranged power supply 
means. 

In a case where said structural member is hard to 
reach and/or the power consumption thereof is com- 
paratively large a power supply by means of a battery 
is less suitable and involves large costs in mainte- 
nance and in the exchange of used batteries. In many 
applications the environment in which the structural 
member exists is such that there are large problems 
to provide the cabling from the power supply means, 
and the environment can also result in a large wear 
of cables and connecting means or that disturbances 
in the power supply voltage affect the measuring re- 
sults. Therefore, it would be indeed desirable if the 
power supply could be accomplished more directly in 
connection with the structural member, such as a 
bearing. 

With regard to prior art bearings it is previously 
known to record temperatures that are critical to the 
bearing by means of a temperature gauge which is ar- 
ranged to engage a suitable section of the bearing or 
the bearing housing. Such a device is disclosed in 
US-A-4,812,826. The device is composed of a stan- 
dard bolt of standard dimensions in which is arranged 
a temperature sensing element and an antenna, the 
latter being projected from said bolt when a predeter- 
mined temperature is recorded by said element The 
device according to US-A-4,812,826 will provide an 
indication that said bearing at some moment has ob- 
tainea said predetermined temperature. It is not pos- 
sible to provide a continuous indication of the present 



temperature. 

In railway applications it is previously known for 
a long time to sense contactless the temperature of 
the bearing boxes of the train and the rail way-car riag- 
5 es. In such applications IR detectors are mounted on 
the ground very close to the railway to sense the tem- 
perature of the bearing boxes when these pass the 
detectors. Information of excess temperatures in spe- 
cific bearing boxes are passed on to different types 
10 of indicating means arranged along the railway. The 
engine-driver, or other operators, may then read the 
information and act correspondingly, for instance by 
exchanging a bearing or disconnecting a carriage 
having a bearing that is overheated or damaged. This 
15 method allows only an indirect sensing of the temper- 
ature of the bearing and many factors influence the 
sensing of the temperature and the transmission of 
the information regarding the temperature to any ap- 
propriate personnel. 
20 According to prior art technique it is also known 

to monitor other operating data of bearings. US-A- 
4,069,435 for instance discloses a device in a bearing 
for sensing the relative rotational speed of different 
elements of the bearing. Said device comprises a coil 
25 which is mounted in the sealing means of the bearing 
axially displaced from the balls of the bearing at the 
same radius as the balls from the center of the bear- 
ing. A permanent magnet is received in said coil, and 
said magnet generates a magnetic field extending 
30 over the balls of the bearing. When the bearing ro- 
tates the balls of the bearing pass through said mag- 
netic field and the field is disturbed. The disturbance 
in turn generates a current in said coil and by record- 
ing the variation of said current a signal is obtained 
35 which is proportional to the rotational speed of said 
bearing. The signal from said coil is then passed on 
to some kind of recording unit through a wire connec- 
tion. Said patent does not disclose nor point in the di- 
rection of utilizing the device for generating electric 
40 current to supply measuring means or similar devic- 
es. 

A way of providing power to a self- powered mon- 
itor unit is disclosed in US-A-4,237,454. Said monitor 
including a tuned mechanical resonator and a radio 
45 transmitter is mounted on rotating equipment to be 
monitored, for instance a ball bearing. The resonator 
includes a piezo-ceramic element which generates a 
high voltage, low current electrical power to drive dif- 
ferent elements of said monitor. The monitor accord- 
50 ing to US-A-4 ,237,454 is mounted on stationary hous- 
ing at a position to sense structure-borne vibrations 
emanating from the bearing. 
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Summary of the invention 

An object of the present invention is to overcome 
as far as possible drawbacks and disadvantages in- 
dicated above of prior art systems for indicating and 
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recording operating data of structural members. The 
method according to the invention accomplishes a lo- 
cal processing of measuring signals that are obtained 
from sensors mounted within the bearing or in the vi- 
cinity thereof, and also that any process signals are 5 
transmitted from the processing spot to recording 
means arranged remotely of said spot. 

Another object is to avoid drawbacks and disad- 
vantages of prior art systems for generating electric 
current to power measuring means in structural mem- 10 
ber. 

The above-mentioned objects are achieved ac- 
cording to the invention by transforming locally within 
sealing means of the bearing measuring signals to 
measured values and by transmitting in an intermit- 15 
tent way said measured values to a remote recording 
means. The measured signals are transformed in a 
central unit and transmitted by a transmitting means 
operatively connected to said central unit. In one as- 
pect of the invention said central unit and said trans- 20 
mitting means are operatively connected to an electric 
generator which is integrated in the bearing within 
sealing means of the bearing. 

Further objects and features of the present in- 
vention are apparent from the following description 25 
and drawings together with the dependent claims. 

Brief description of the drawings 

The invention will be described in more detail by 30 
means of embodiments with reference to the accom- 
panying drawings, in which 

FIG 1 is a block diagram showing a device ac- 
cording to the invention, 

FIG 2 is a schematic cross sectional view of the 35 
device according to FIG 1 mounted in a bearing, 
FIG 3 schematically shows one embodiment of a 
generator included in the device according to the 
invention, 

FIG 4 schematically shows an alternative em- 40 
bodiment of said generator, 
FIG 5 schematically shows a further embodiment 
of a generator, 

FIG 6 is a block diagram showing an electric cir- 
cuit connected to the generators of FIGs 3-5, 45 
FIG 7 is a side view showing schematically one 
embodiment of a generator according to FIG 5, 
and 

FIG 8 is a block diagram showing a central unit in- 
cluded in the device according to the invention. so 

Detailed description of the invention 

FIG 1 shows a device according to the invention 
to be mounted in a bearing 1 0 (see FIG 2), the device 55 
including a sensor 11 for sensing for instance temper- 
ature. Said sensor 11 is operatively connected to a 
central unit 12. Said central unit includes a plurality of 



memory units (not shown) together with calculating 
means for transforming measured signals received 
from said sensor 11 . Said calculating means compris- 
es preferably buffert means and an analog-digital 
transformer. The electric energy required to supply 
said central unit 12 and normally also said sensor 11 
is generated in a generator 13 which is operatively 
connected to said central unit 12 through a rectifier 
circuit 14 and a voltage regulator 15. Measured sig- 
nals processed or transformed in said central unit are 
fed according to the invention to a superior process- 
ing or indicating means, said superior means can be 
arranged anywhere in the vehicle in which said bear- 
ing 10 is mounted or in a driving vehicle connected to 
said vehicle. According to a preferred embodiment of 
the invention said transformed measured signals are 
transferred by a wireless connection by means of a 
transmitter 16 operatively connected to said central 
unit 12, said transmitter 16 in turn being operatively 
connected to an antenna 17. Through said antenna 17 
said device 20 has a wireless connection to a remote 
recording means 18 thus forming the superior proc- 
essing means. 

According to the invention it is also possible to 
control the function of the central unit and thereby to 
vary the method of measuring and recording in any 
desired way. To accomplish this the device according 
to the invention is provided with a receiver 19 opera- 
tively connected to said antenna 17 as well as to said 
central unit 12. 

As the device according to the invention prefer- 
ably should be used in bearings and as said generator 
13 is mounted within said bearing in such a way that 
electric current is generated in said generator when 
said bearing rotates the power supply of the central 
unit 12 should be ensured also during an idle condi- 
tion, that is when the bearing does not rotate. The 
power supply is ensured also during such conditions 
by means of a battery unit 21 . Preferably said battery 
unit 21 comprises one or a plurality of storage cells or 
accumulator batteries which are recharged by said 
generator through said rectifier 14 and said voltage 
regulator 15. In a preferred embodiment the process- 
ing capacity of said central unit 12 is used also to con- 
trol said generator and/or said voltage regulator to ac- 
complish charging and maintenance charging of said 
storage cell of the battery unit 21 in the best possible 
way. 

According to the invention also other operating 
data than the temperature can be recorded. Other 
sensors that can be mounted within the bearing or in 
the vicinity thereof are sensors for vibrations, sound, 
stress forces, pressure and torque. Different types of 
sensors can be provided but as a result of the meas- 
ured signals from said sensors being processed and 
transformed in said central unit 12 all sensors can be 
looked on by said recording means 18 as sensors of 
a uniform type. FIG 1 also shows a possibility to 
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measure and record by means of said generator 13 
the rotational speed of the bearing 10 or a shaft con- 
nected thereto. According to the invention the rota- 
tional speed is measured by feeding current pulses 
from said generator 13 to said central unit 12 through s 
some type of buf fert orf ilter 22. By means of said cen- 
tral unit 12 it is then possible to calculate the average 
speed, speed changes of the bearing, the absolute 
speed, and other data related thereto. 

FIG 2 shows the mounting of the device 20 in a 10 
bearing 10. Said device 20 as well as said generator 
13 are enclosed by sealing means 38 provided in the 
bearing. Said sealing means 38 can be of a conven- 
tional type or formed specifically to receive in an ap- 
propriate way the device 20 and the generator 13. 15 

FIGs 3-5 show schematically alternative embodi- 
ments of said generator 13. The embodiment of the 
generator 13 shown in FIG 3 comprises an iron core 
23 and a winding 24 surrounding said core. Radially 
outside said iron core 23 a ring is arranged on which 20 
mutually spaced permanent magnets 25 are attach- 
ed. Radially between said iron core 23 and said ring 
with permanent magnets 25 there is arranged a mov- 
able disc or ring having metal discs or metal blades. 
Said disc or ring rotates together with said bearing at 25 
the rotational speed of the bearing. 

An alternative embodiment of said generator 1 3 
is shown in FIG 4. The generator 13 is provided with 
a separate excitation by means of a second iron core 
26 with associated windings 27. Both iron cores 23 30 
and 26 are fixedly mounted peripherally in the bear- 
ing. Between said both iron cores 23 and 26 a ring ex- 
tends on which is mounted mutually spaced metal 
blades or metal plates. 

The generator according to FIG 5 comprises an 35 
iron core 23 on which a winding 24 is provided. Said 
iron core 23 and said winding 24 are mounted in a per- 
ipheral section of a non-rotating part of the bearing. 
Outside thereof and on a rotating part of the bearing 
a number of permanent magnets 25 are arranged. 40 
Said permanent magnets 25 are arranged on a circle 
line and preferably cover the complete circumfer- 
ence. However, it is possible also to provide said per- 
manent magnets 25 on a sector only. 

The different types of generators disclosed 45 
above all generate a pulsating alternating current 
which is rectified in said rectifier 14, compare FIG 1. 
By phase shifting said windings 27 it is possible to ob- 
tain a large number of pulses at each revolution with- 
out the necessity of arranging a large number of mag- so 
net 25. 

To ensure best possible charge conditions in said 
battery unit 15 a control circuit 29 is provided therein. 
The rectifier 14 shown in FIG 6 is formed as a rectifier 
bridge. The current from said rectifier bridge is fed 55 
through a transistor 30 and a resistor 31 to a accumu- 
lator 32, preferrably being a type of nickel-kadmium 
battery. Current operating conditions of the accumu- 



lator 13 such as the temperature, charging current 
and surface voltage are continuously monitored by 
the control circuit 29. Said control circuit 29 controls 
through said transistor 30 the charging current in de- 
pendence of the operating data of the accumulator. 

A basic practical embodiment of the generator 13 
is shown in FIG 7. The iron core 23 is fixedly mounted 
in a non-moving section of the bearing and receives 
the winding 27. A plurality of permanent magnet 25 
are mutually spaced on a ring connected to a rotating 
section of the bearing. The ring is arranged so that 
said permanent magnets 25 pass the poles of the iron 
core 23 at some air-gap. 

In applications where the bearing rotates essen- 
tially continuously the accumulator 32 may be omitted 
or exchanged to a capacitor to ensure some supply 
current even during idle conditions. 

Preferrably the communication between the 
transmitter 16 and the recording unit 18 and through 
the receiver 19 and the recording unit 18 is made by 
radio through the antenna 17 but also other wireless 
transmission methods can be used. In some condi- 
tions it may for instance be appropriate to use IR-light. 
In some specific favourable conditions it may also be 
possible to carry out the communication by wire, and 
in such cases the antenna 17 is omitted. 

The central unit 12 comprises according to FIG 8 
a first memory means 33 storing limit values and sim- 
ilar data indicating pre-determined conditions for the 
bearing. Examples of such data are the maximum 
bearing temperature, the runtime between points of 
maintenance, and maximum allowed forces in the 
bearing. Preferably said memory means 33 includes 
also a code or an address that is unique to the bearing 
and provides the bearing with an identity. Such iden- 
tity data can be used to investigate by means of spe- 
cific service terminals the status of elected bearings 
in an apparatus or a vehicle. Said address data can 
also be included in the signals transmitted from the 
transmitter 16. In such a way a recording means 18 
may serve a plurality of bearings. It is also possible 
to utilize the address data to identify the complete ve- 
hicle. 

Said memory means 33 is operatively connected 
to a comparator 34 in which data stored in said mem- 
ory means 33 are compared to measured data. Warn- 
ing signals and corresponding data are interchanged 
through a connection between comparator 34 and 
said transmitter 1 6 if measured operating data deviate 
incorrectly from stored data. 

Said central unit 12 also comprises a second 
memory means 35 for storing measured values gen- 
erated as measured signals by the sensors. Meas- 
ured data are stored partly to be transmitted in an in- 
termittent way or as a response on requests from the 
recording unit 18 or another corresponding unit and 
partly to be compared to values stored in said first 
memory means. 
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Signals provided by the filter or buffert 22 relating 
to the rotation of the bearing are fed through a con- 
nection to a timing means 36 included in said central 
unit 12, said timing means being operatively connect- 
ed to a calculating means 37 also included in said cen- 
tral unit 12. In said calculating means 37 rotating time 
and similar data concerning the bearing are deter- 
mined and then the rotational speed of the bearing 
can be calculated. Said calculating means 37 may 
also continuously accumulate operating periods of 
the bearing so as to keep information about the total 
runtime of the bearing available at all times. 

The means included in said central unit 12 can be 
implemented in hardware as separate or partly com- 
bined integrated circuits. When the dimensions are 
small the integrated circuits are exchanged by chips 
directly mounted on circuit boards or silicone plates. 
It is possible also to implement some units as soft- 
ware in a general computer circuit. 

The device described above can be modified in 
many ways within the scope of the claimed invention. 



Claims 

1 . A method in a bearing for recording current oper- 
ating data of said bearing such as the rotational 
speed or the temperature, said operating data be- 
ing obtained locally at the bearing as measured 
signals, characterised in 

that said measured signals locally within 
sealing means (38) of said bearing are converted 
to measured values, and 

that said measured values in an intermit- 
tent way are transmitted from the bearing to at 
least one recording means (18) arranged on a 
distance from the bearing. 

2. A method according to claim 1 , 
characterised in that at least one limit value is 
stored locally at the bearing, said limiting value 
forming the limits for a variation of said measured 
signals, and 

that a message is transmitted to said re- 
cording means (18) if a measured signal falls out- 
side of said limit value. 

3. A method according to claim 1 or claim 2. 
characterised in 

that said measured values continuously 
are stored locally by said bearing, and 

that said measured values are transmitted 
to said recording means (18) by a request of said 
recording means (18). 

4. A method according any preceeding claim, 
characterised in 

that said measured values are transmitted 



to said recording means (18) by a wireless con- 
nection. 

5. Method according to any of claims 1-4, 
5 characterised in 

that a measured signal concerning an op- 
erating temperature of said bearing is obtained in 
a temperature sensitive section of said bearing. 

10 6. A method according to any of claims 3-5, 
characterised in 

that a rotation of said bearing is sensed, 
that time periods during which said bear- 
ing rotates are recorded, and 
15 that a total value formed by the sum of 

said periods continuously is stored. 

7. A device in a bearing (10) for recording current 
operating data, such as rotational speed and tem- 

20 perature, of said bearing, comprising sensors for 

obtaining locally said operating data as measured 
signals, 

characterised by 

a) central unit (12) arranged locally within 
25 sealing means (38) of said bearing for trans- 
forming measured signals to measured val- 
ues, and 

b) a transmitting means (16) operatively con- 
nected to said central unit (12) within said. 

30 sealing means (38) for transmitting said 

measured values to at least one remotely ar- 
ranged recording means (18). 

8. A device according to claim 7, 
35 characterised in 

that said central unit (12) comprising first 
memory means for storing limit values that said 
measured values may vary within, and compar- 
ing means for comparing said measured values to 
40 said limit values, and 

that said comparing means is operatively 
connected to said transmitting means for trans- 
mitting a signal to said recording means (18) if 
said measured value falls outside of said limit val- 
45 ues. 

9. A device according to claim 7 and 8 

characterised in 

that said central unit (12) comprises sec- 
50 ond memory means for storing said measured 

values, and 

that a receiving means (19) is operatively 
connected to said central unit (12) and to said re- 
cording means (18) for receiving control signals 
55 from said recording means (18), said control sig- 

nals instructing said central unit (12) to transmit 
measured values to said recording means (18). 
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10. A device according to any of claims 7-9, 
characterised in 

that said transmitting means (16) and said 
receiving means (1 9) are arranged to transmit by 
a wireless connection data to and from said re- 
cording means (18). 

11. A device according to any of claims 7-9, 

characterised in 

that at least one temperature sensor (11) 
is mounted in a temperature sensitive section of 
the bearing or engaging such a section, and 

that said temperature sensor (11) is oper- 
atively connected to said central unit (12). 

12. A device according to any of claims 7-9, 
characterised in 

that a generator (13) having a rotor and a 
stator is arranged to have said rotor engaging a 
rotating section of said bearing and to have said 
stator engaging a non-rotating section of said 
bearing, or vice versa, for generating current 
pulses when said bearing rotates, and 

that said central unit (12) comprises time 
measuring means for measuring the time period 
between current pulses, and calculating means 
for calculating the rotational speed of said bear- 
ing based on said measured time period between 
said current pulses. 

13. A device in a bearing (10), characterised 

by an electric generator (13) which is integrated 
in said bearing within sealing means (38) for gen- 
erating electric current when said bearing (1 0) ro- 
tates. 

14. A device according to claim 13, 
characterised d in 

that said generator (13) is provided with a 
rotor and a stator, said rotor engaging a rotating 
section of said bearing and said stator engaging 
a non-rotating section of the bearing, or vice ver- 
sa. 

15. A device in a bearing according to claim 13 or 14, 
characterised by sensors for obtaining locally 
current operating data, such as rotational speed 
and temperature, of said bearing (10) and for re- 
cording measured signals representing said op- 
erating data, 

a central unit (12) arranged locally at said bearing 
(10) within sealing means (38) thereof, said cen- 
tral unit (12) transforming said measured signals 
to measured values, and said generator supply- 
ing current to said central unit, and a transmitting 
means (1 6) arranged locally at said bearing with- 
in sealing means (38) thereof for transmitting said 
measured values to at least one remote recording 



means (18). 

16. A device according to claim 15, 
characterised in 

5 that said central unit (12) comprises first 

memory means for storing limit values defining 
an interval in which said measured values may 
vary, and comparing means for comparing said 
measured values and said limit values, and 

10 that said comparing means is operatively 

connected to said transmitting means for trans- 
mitting a signal to said recording means (18) if 
said measured value falls outside of said limit val- 
ue. 

15 

17. A device according to claim 15 or 16, 
characterised in 

that said central unit (12) comprises sec- 
ond memory means for storing said measured 
20 values, and 

that a receiving means (19) is operatively 
connected to said central unit (12) and to said re- 
cording means (18) for receiving control signals 
from said recording transmit said measured val- 
25 ues to said recording means (1 8). 

18. A device according to any of claims 15-17, 
characterised in 

that said transmitting means (16) and said 
30 receiving means (19) transmit data to and from 

said recording means (1 8) by a wireless transmis- 
sion. 

19. A device according to any of claims 15-17, 
35 characterised in 

that at least one temperature sensor (11) 
is mounted in a temperature sensitive section of 
said bearing or engaging such a section, and 

that said temperature sensor (11) is oper- 
40 atively connected to said central unit (12). 

20. A device according to any of claims 15-17, 
characterised in 

that said central unit (12) comprises time 
45 measuring means for measuring the time period 

between current pulses, and calculating means 
for calculating a rotational speed of said bearing 
based on the measured time period between cur- 
rent pulses. 

50 

21. A method in a bearing (10) for recording current 
operating data, such as rotational speed and tem- 
perature, of said bearing, said operating data be- 
ing obtained locally at said bearing, character- 

55 ised in 

that electric current is generated locally 
within sealing means of said bearing for supply- 
ing power to means for obtaining measured sig- 
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nals of current operating conditions, 

that said measured signals locally at said 

bearing are transformed to measured values, and 
that said measured values are transmitted 

in an intermittent way to at least one remote re- s 

cording means (18). 

22. A method according to claim 21, 
characterised in 

that at least one limit value defining an in- 10 
terval in which said measured values are allowed 
to vary, is stored locally at said bearing, and 

that a message is transmitted to said re- 
cording means (18) if said measured value falls 
outside of said limit value. *5 

23. A method according to claim 21 or 22, 
characterised 

by continuously storing locally at said 
bearing said measured values, and by transmit- 20 
ting said measured values to said recording 
means on a request from said recording means. 

24. A method according to any of claims 21-23, 
characterised 25 

by transmitting said measured values to 
said recording means (18) by a wireless connec- 
tion. 

25. A method according to any of claims 21-24, 30 
characterised 

by obtaining a measured signal represent- 
ing an operating temperature of said bearing in a 
temperature sensitive section of said bearing. 

35 

26. A method according to any of claims 23-25, 
characterised 

by obtaining measured signals represent- 
ing a rotation of said bearing, 

by recording time periods during which 40 
said bearing rotates, and 

by continuously storing a total sum of said 
time periods. 

45 



50 
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